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Pure	 strain-induced	 electronic	 structure	 modulation	 in	 ferromagnetic	 films	 is	 critical	 for	
























In	 this	 approach,	 deformation	 in	 the	 ferroelectric	 substrate,	 induced	 by	 electric	 field	 mediated	
polarization,	transfers	to	the	lattice	strain	in	the	ferromagnetic	overlayer.	The	electronic	structure	and	




although	 it	 is	 possible	 to	 tune	 their	 relative	 influence	 on	 the	 modulation	 by	 adjusting	 the	
ferromagnetic	 layer	 thickness	 23	 or	 by	 inserting	 a	 non-magnetic	 layer	 at	 the	
ferroelectric/ferromagnetic	 interface7.	 Thus,	 until	 now,	 the	 pure	 strain-induced	 electronic	
structure	modulation	in	ferromagnetic	films	is	difficult	to	be	revealed	in	order	to	develop	reliable	
methods	for	strain	engineering	in	spintronic	materials	and	strain-assisted	spintronic	devices.	
Here,	 we	 present	 a	 non-electrically	 controlled	 method	 to	 introduce	 pure	 strain	 in	















effect	 from	 the	overlap	of	 outer	 orbitals,	 thus	modifying	 the	binding	 energy	of	 core	 electrons.	
Additionally,	the	lattice	strain	varies	the	electronic	density	of	states	(DOS)	distribution	of	the	outer	















tensile	 deformation	 to	 induced	 reorientation	 of	 the	martensite	 phase.	 The	 thermal	 expansion	
curve	of	the	substrate,	which	represents	the	thermal	history	dependence	of	strain,	is	shown	in	Fig.	







a	gradual	 increase	of	temperature	up	to	300℃	 induced	an	 inverse	martensitic	phase	transition	and	












physical	 property	measurement	 system	 (PPMS)	with	 in-plane	 (along	 the	 strain)	 or	out-of-plane	
fields	up	to	20	kOe.	First-principle	calculations	using	density	functional	theory	were	carried	out	to	
simulate	 the	 strain-induced	 tunability	effects	on	DOS	distribution	of	 the	outer	d	electrons.	The	
calculation	 was	 based	 on	 the	 projector	 augmented-wave	 (PAW)	 from	 the	 Vienna	 ab	 initio	











nm.	 The	 pre-annealing,	 strain-free	 state	 is	 shown	 in	 red	 and	 the	 strain-mediated	 state	
obtained	by	annealing	at	300℃	 is	shown	in	blue.	All	the	measurements	were	conducted	
when	samples	cooled	down	to	room	temperature.	(f)	The	dependence	of	binding	energy	






(strain-free	 state)	 and	 300 	℃	 thermal-treated	 films	 (compressive	 strain	 state).	 The	 substrate	
finishes	 the	phase	 transition	and	 transfers	 the	compressive	strain	on	 the	 film	after	 the	thermal	








two	 neighbor	 Fe	 atoms	 will	 be	 increased	 with	 decreasing	 interatomic	 distance,	 leading	 to	 an	









very	 thin	 films	 with	 t	 ranging	 between	 1-3	 nm,	 the	 strain	 reduction	 is	 small.	 The	 strain	 effect	 on	
electronic	 structure	 therefore	 extends	 throughout	 the	 film	 thickness,	 leading	 to	 a	 large	ΔBE	 value.	
When	the	Fe	film	is	thicker	than	3	nm,	the	strain	effect	starts	to	reduce	exponentially	with	t,	resulting	
in	the	rapid	decrease	of	ΔBE.	For	the	8.5	nm	film,	the	strain	effect	is	almost	undetectable	within	the	










induced	 by	 the	 strain	 change	 in	 the	 substrate.	 The	 variation	 of	 the	 binding	 energy	 of	 Fe2p3/2	
electrons	with	 the	 temperature	 is	 summarized	 in	 figure	2g.	At	 temperatures	below	130	℃,	 the	
binding	energy	values	fluctuate	around	706.7	eV	before	the	onset	of	the	phase	transition	in	the	
substrate	at	130	-	170	℃.	In	this	region,	the	substrate	shrinks	gradually	and	transfers	the	changing	



























The	 partial	 density	 of	 states	 (PDOS)	 for	 different	 orbitals	were	 also	 calculated	 for	εL	 =	 0%	
(figure	3c)	and	εL	=	-3%	(figure	3d).	For	simplicity,	only	the	PDOS	of	d	orbitals	are	shown	because	




the	 overlap,	 which	 leads	 to	 the	 dominant	 bandwidth	 broadening	 and	 largest	 PDOS	 intensity	
decrease	on	dx2-y2	orbitals	in	figure	3d.	The	dependence	of	bandwidth	broadening	on	the	spin-orbit	
















of	 the	 films.	 This	 conclusion	 can	 be	 verified	 by	 experimental	 measurement	 of	 the	 magnetic	









The	 intersection	 of	 the	 in-plane	 loop	 (blue	 curve)	 and	 out-of-plane	 loop	 (red	 curve),	 which	 is	
marked	 by	 an	 arrow,	 represents	 the	 anisotropy	 field	 (Hk)	 of	 the	 film.	 The	 effective	 magnetic	
anisotropy	(Keff)	can	be	calculated	by	equation	2.	
	 Keff	=	MS×HK/2,	 	 	 	 	 	 	 	 	 	 (2)	
Where	MS	 is	 the	 saturation	magnetization	 of	 the	 film.	A	 positive	Keff	 indicates	 a	 perpendicular	
magnetic	anisotropy	of	 the	 film.	Figure	5	compares	the	Keff	values	of	 the	strain-free	and	strain-
treated	Fe	films	for	different	Fe	thickness.	All	samples	possess	negative	Keff	values,	implying	an	in-
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